Abstract. Seventy clinically normal 13-day-old crossbred pigs from 10 litters from a Streptococcus suisinfected herd were randomly assigned by litter and weight to 7 groups of 10 pigs each to determine whether different antibiotic regimens would eliminate the tonsillar carrier state of S. suis. Six antimicrobial regimens were tested: penicillin intramuscularly (IM) once daily (s.i. was identified in pigs from all groups prior to treatment and after treatment. Pigs did not have clinical signs of disease during the study. All antimicrobial treatments tested in this study failed to eliminate the tonsillar carrier state of S. suis. Early weaning and medication used in this study were not effective for the elimination of the tonsillar carrier state of S. suis in pigs. Optimization of management and environment of pigs coupled with strategic medication of clinically ill animals should be used for control and prevention of mortality caused by streptococcosis.
There are at least 28 serotypes of Streptococcus suis recognized worldwide.
3 Streptococcus suis may cause disease outbreaks in pigs of all ages, but it primarily affects nursery pigs.
2 Many of the serotypes have been associated with a septicemia resulting in meningitis, pneumonia, arthritis, endocarditis, and polyserositis.
To date, researchers have been unable to eliminate S. suis from pigs using medicated early weaning (MEW) techniques. One study has shown that commingled pigs from source herds affected by porcine reproductive and respiratory syndrome virus, pseudorabies virus, Bordetella bronchiseptica, S. suis, Serpulina hyodysenteriae, Actinobacillus pleuropneumoniae, Pasteurella multocida, Mycoplasma hyopneumoniae, and Haemophilus parasuis could be weaned at < 10 days of age, medicated, reared in isolation, and remain free of all organisms except S. suis. 8 A recent study examined pigs weaned at 7, 10, and 21 days of age to determine if age segregation would produce healthy pigs without the high cost of medication.
1 Again, S. suis survived all components of these early weaning procedures. In segregated early weaning (SEW) studies that were part of the National Pork Producer Council's genetic evaluation program, researchers found that approximately 200 pigs of 400 pigs in a group were treated at different times during a 42-day period for clinical signs consistent with S. suis infection. In some cases, the same pig was treated for a second episode of disease, and a few pigs were treated for as many as 6 disease episodes. The time interval between treatments ranged from 5 to 9.5 days (Clark et al., unpublished data) .
Many producers are beginning to implement new MEW or SEW technology to develop healthy pigs; yet, there is no protocol currently available to eliminate S. suis from these pigs. Additionally, if current early weaning procedures alone are used to prepare pigs for sale to commercial herds, there is considerable risk of introducing this organism into herds in which epizootics of streptococcosis could occur.
It was estimated from MEW studies at Purdue University (Clark, LK, et al., unpublished data) that the elimination of S. suis from pigs could decrease mortality from 5-10% to < 2%. Labor and medication costs for treatment of this disease would be eliminated, as would the human health risk from this potential zoonotic.
The objective of this study was to determine whether different antibiotic regimens would eliminate the S. suis tonsillar carrier state, thereby preventing postweaning disease outbreaks caused by S. suis in MEW pigs.
Materials and methods
Experimental design. Thirteen-day-old crossbred pigs from an S. suis-infected herd were used. Seventy clinically normal pigs from 10 litters were randomly assigned by litter and weight to 7 groups of 10 pigs each. Pigs were moved from the farm of origin to isolation facilities consisting of rooms that were 2.46 x 3.1 m and had a solid concrete floor and a drain. Rooms were ventilated with positive pressure fans that supplied filtered air. Rooms were cleaned once daily, and strict sanitation procedures were followed. All pigs were fed a staged commercial diet formulated for early weaned pigs.
a Each room had a free-choice pan feeder and 2 nipple waterers.
The tonsils of each pig were swabbed approximately 1 hr after being placed in isolation facilities. The swab samples were evaluated by culture for S. suis. Postmortem evaluation. On day 17, all pigs were euthanized by intracardial injection of 1 ml of pentobarbital sodium (6 grains/ml) f per 4.5 kg body weight. The tonsil of each pig was removed using aseptic technique, and the calvarium was bisected with a knife and manually forced open. The meninges were exposed and swabbed. g A complete necropsy was performed, and all gross lesions were recorded.
Culture examination. For identification purposes, 30 suspect S. suis isolates (3/pig) were selected from tonsillar cultures of each pig in every group from both pre-and posttreatment samples. All samples were kept at 4 C and plated on to sheep blood agar within 2 hr of collection. Tonsils were macerated in 10 ml trypticase soy broth, and 0.1 ml of the solution was plated on to sheep blood agar. After 24 hr of incubation at 37 C with 5% carbon dioxide, 3 1-2-mm flat alpha-hemolytic colonies were selected and subcultured onto sheep blood agar. These isolates were stained with Gram's stain and biochemically tested. Gram-positive, catalase-negative diplobacilli were considered to be S. suis suspects. Each suspect isolate was inoculated into a tube containing 6.5% NaCl solution. Enterococcus sp. was suspected if there was bacterial growth in the 6.5% NaCl solution after 48 hr of incubation.
Serotyping. A monovalent coagglutination method was used for serotyping. The isolate was serotyped with antiserum to S. suis types 1-8 if growth was not observed in the salt solution after 48 hr of incubation at 37 C. The culture was considered to be S. suis if it satisfied all of the above criteria and agglutinated the antiserum. Further serotyping was attempted on only 75 of the untypeable isolates because of limited availability of antisera. Twenty-nine of the untypeable isolates were tested with antisera to S. suis types 9, 10, 16, 19, 21, 22, 23, and 28 . These serotypes were reported as prevalent in a previous study. 5 To further conserve antisera, an additional 46 isolates were first tested with antisera to type 22, then if agglutination did not occur testing was followed with antisera to type 21 and then antisera to type 9.
Biochemical testing. Biochemical testing was performed on at least 1 isolate/pig if all 3 of the isolates collected from that pig failed to agglutinate antisera to S. suis types 1-8. Additionally, biochemical testing was performed on 36 typeable isolates positively identified as S. suis types 3, 4, 5, 8, 9, 21, or 22. A total of 160 isolates were evaluated using a rapid multitest system. h Isolates were not identified using the system's key because it was not designed to identify S. suis. Instead, the results of the biochemical tests were used for independent evaluation. Because the biochemical profile of S. suis is variable, 3 an untypeable isolate was considered to be S. suis if its biochemical results were consistent with the results obtained from the typeable S. suis isolates.
Antimicrobial susceptibility tests. Antimicrobial susceptibility tests i were performed on 4 S. suis isolate types 1-8 cultured from the pretreatment tonsillar swabs and on 7 S. suis isolate types 1-8 cultured from tonsillar samples collected at necropsy.
Evaluation of results. The identification of any S. suis from samples collected posttreatment at necropsy constituted failure of that treatment regimen.
Results
Clinical evaluation. All pigs with the exception of those treated with penicillin were active and consumed feed for the duration of the study. On day 3 of treatment, all pigs in group 2 appeared lethargic and anorectic. By day 4, group 2 pigs were eating but still appeared lethargic. Similarly, on day 3 of treatment all pigs in group 3 appeared lethargic, and 8/10 pigs seemed to have a decreased appetite. On day 4, these pigs were active but still seemed to have a decreased appetite. After day 4, no adverse clinical signs were observed in either of the 2 groups of pigs treated with penicillin. During the study, no pigs exhibited clinical signs consistent with S. suis infection.
Postmortem evaluation. No gross lesions consistent with those caused by S. suis were observed.
Biochemical tests. The 36 typeable S. suis isolates tested had consistent results for each of 8 biochemical parameters (Table 1 ). All isolates produced leucine arylamidase. None of the isolates acidified ribose, L-arabinose, mannose, or Sorbitol, but all isolates acidified trehalose. None of the isolates produced acetoin or hydrolyzed hippurate. Of the 124 untypeable isolates, 108 isolates had biochemical profiles consistent with those of the typeable isolates for these 8 parameters. These untypeable isolates were considered S. suis based on their biochemical profiles.
Culture examination and identification. The number of alpha-hemolytic colonies per plate was too numerous to count for each tonsillar swab submitted for culture from pretreatment samples taken from pigs in all 7 groups. Bacterial overgrowth also occurred in tonsillar tissue from posttreatment samples from all pigs.
Pretreatment tonsillar samples. Streptococcus suis
was identified from pretreatment tonsillar swab samples from pigs in all 6 treatment groups and pigs in the control group (Table 2) . Streptococcus suis serotypes 3, 4, 5, 6, 21, and 22 were identified.
Posttreatment tonsillar samples. Streptococcus suis
was identified from posttreatment tonsillar tissue samples from pigs in all 6 treatment groups and pigs in the control group (Table 2) . Streptococcus suis serotypes 3, 4, 5, 8, 9, 21, and 22 were identified. In 1 pig, both serotypes 3 and 4 were isolated from the tonsil. In another pig, serotypes 8 and 9 were isolated from the tonsil.
Meningeal swab samples. Streptococcus suis was
isolated from the meningeal swab samples of 3 pigs in 3 different groups. In 2 of the pigs, the S. suis isolates were untypeable, but they had biochemical profiles consistent with those of the typeable isolates. In the third pig, the isolate was identified as S. suis type 22.
Antimicrobial susceptibility test results. Antimicrobial susceptibility testing was performed on 4 isolates of S. suis (serotypes 3-6) cultured from the pretreatment tonsillar swabs. All isolates were susceptible to ampicillin and ceftiofur sodium. Three of the 4 isolates were moderately susceptible to penicillin. The remaining isolate was resistant to penicillin.
Antimicrobial susceptibility testing was performed on 7 isolates of S. suis (serotypes 3-5, 8) cultured from the posttreatment tonsillar samples. Of these isolates, 5 were susceptible to ceftiofur sodium, 4 were susceptible to ampicillin, 1 was moderately susceptible to penicillin, and 1 was fully susceptible to penicillin. Three of the isolates were from tonsils of pigs in the groups treated with penicillin. These 3 isolates were either moderately susceptible or resistant to penicillin. Four of these isolates were from tonsils of pigs in the groups treated with ampicillin. Three of 4 of these isolates were resistant to ampicillin, and 1 was susceptible to ampicillin.
Discussion
Streptococcus suis is a worldwide problem and caus- Medication of early weaned pigs has other drawThe following biochemical test criteria were proposed backs in addition to failing to eliminate the tonsillar for the identification of S. suis isolates that did not carrier state of S. suis. High doses of penicillin in these grow in 6.5% NaCl solution and did not demonstrate young pigs appeared to cause adverse effects on perbeta-hemolysis on sheep blood agar: failure to produce formance; these pigs seemed lethargic and appeared acetoin, hydrolysis of esculin, and production of acid reluctant to eat. Also, some posttreatment isolates were from trehalose.
6 When the same multitest system was resistant to the drug used for treatment in that group. used in the present study however, the results were By treating healthy pigs to eliminate the carrier state, different from those seen previously. In the present selection may be occurring for strains resistant to othstudy, 19.4% of S. suis isolates for which identification erwise effective antibiotics. Hence, the antibiotic was confirmed by serotyping failed to hydrolyze es-choices for treatment in a disease outbreak may be culin. Thus, preliminary biochemical and media growth limited by having selected for a pool of antibiotictests may only be used for presumptive identification resistant carrier isolates. However, the significance of of S. suis.
3 Definitive identification must couple the these results is uncertain because of the small number results of these preliminary tests with confirmation by of isolates on which antimicrobial susceptibility tests capsular serotyping.
were performed. In 1 study, early weaned pigs free of S. suis type 2 were produced by medicating both pigs and sows with Acknowledgements penicillin.
2 Other early weaning attempts have failed The choice of antibiotics for the present study was based on susceptibility tests of isolates previously recovered from the herd of origin of the pigs used in this study (Amass et al., unpublished data) . The majority of the isolates were susceptible to ampicillin and ceftiofur sodium. Only 30% of the isolates from this herd were susceptible to penicillin. Penicillin-resistant strains of S. suis have previously been demonstrated in pigs. 4 Penicillin was included in the present study despite the history of resistance because it is frequently prescribed for treatment of disease caused by S. suis.
In the present study, a successful treatment was defined as one that eliminated the tonsillar carrier state of S. suis from all pigs in a given group. The treatment was considered a failure if the carrier state was detected in 1 pig in a group because that carrier pig would have the potential to spread the organism to others. All treatments tested in this study failed to eliminate the tonsillar carrier state of S. suis. Furthermore, S. suis was isolated from the meningeal swab samples of 3 pigs, probably because the swab samples were contaminated during collection. This explanation was supported by the isolation of Enterococcus sp. in conjunction with S. suis in 1 of the 3 pigs. An alternative explanation is that S. suis was present but was not causing clinical disease. This alternative is supported by murine studies in which mice were infected with isolates of S. suis type 2 demonstrated to be virulent in pigs. 7 The S. suis isolates were recovered from the peripheral blood of mice for 42 days postinoculation.
